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SUMMARY 
The plantation growth of Eucalyptus grandis in the 
Coffs Harbour area was very much below that which the 
species exhibited in overseas plantings. Jacobs (1951) 
suggested that the higher growth rate reached for species 
of Eucalyptus outside Australia was probably due to the 
absence of leaf eating insectse However Pryor and Clarke 
(1964) showed that mineral deficiencies in the soil, 
particularly nitrogen, can limit the growth of Eegrandis 
in plantations. 
Field fertiliser trials carried out with Eegrandis on 
grassland soils showed that when both nitrogen and 
phosphorus were added together growth rates were greatly 
increased, and there was a marked NP interactione The 
best growth rates achieved were with an initial NP 
application six weeks after planting followed by a further 
application of nitrogen after three months. Similar 
fertilise trials on adjacent sites suggest that there is 
very little difference in growth response in the first 
year between trees planted and fertilised in summer and 
those planted and fertilised in winter. 
Although the response to similar fertiliser treatments 
was the same on sites prepared by rotary hoeing as it was 
on Mathis ploughing, the magnitude of the response was 
much greater on rotary hoeing . This was due to a 
cultivation/ ertiliser interaction. 
Vll 
Mathis ploughing with further ripping appears to be a 
better method of site preparation than Mathis ploughing 
alone or rotary hoeing when weeds are not subsequently 
controlleds 
Foregoing vegetation cover influences the growth in 
plantations. Plants grown on sites previously occupied by 
Acacia melanoxylon do not show a significant response to 
added fertiliser. Plants respond somewhat differently to 
the same added fertilisers on sites previously occupied by 
either eucalypt regrowth or grasslands 
Growth on t wo ashbeds without added fertiliser was 
equivalent to that obtained by the best fertiliser 
treatments on a rotary hoed site with weeds controlled. 
Th ere was no response to added nutrients on either ashbed. 
With the most favourable treatments applied a maximum 
or near maximum growth response may have been reached on 
these soils for the particular growing period, but the 
limit may be different in other seasons, particularly if 
the rainfall is different. 
While the factors limiting natural distribution of 
eucalypts are by no means fully known, it is likely that 
many relate to competition. The potential for a species 
to grow successfully in areas outside its natural 
occurrence may be greatly increased under plantation 
conditions. 
.......... 
INTRODUCTION 
Eucalyptus has been planted for more than a century 
outside Australia, and in recent decades the extent of 
planting has increased very rapidly. Under overseas 
conditions species of the genus are noted for their fast 
early growth which has led to a good deal of speculation 
on the reasons for this. There has been some ornamental 
planting of eucalypts within Australia, and in a few cases, 
such as with Eucalyptus oladocalyx F.Muell. in Western 
Victoria, shelter belt planting. However, until recently 
there has been little experience of their performance 
under extensive plantation conditions in this country. 
When large scale planting was attempted some ten 
years ago, a marked difference in Australian performance 
was apparent, since the growth rates were much less than 
those generally recorded when the tree has been planted as 
an exotic outside Australia. This behaviour had more than 
ordinary interest because developing technological needs, 
requiring the production as quickly as possible of large 
quantities of wood for pulp, could scarcely be met unless 
the fast early growth characteristic of ·the tree outside 
Australia could be repeated here. The occurrence on the 
north coast of New South Wales of species known to be 
capable of this fast growth, and the fact that the 
climatic and soil conditions of the area are basically 
suitable for plantation establishment, led to attempts to 
establish plantations in the area. 
1 
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Three species were selected for use E.grandis (Hill) 
Maiden, E.saligna Sm. E.pilularis Sm., but for various 
reasons emphasis has been given to the use of E.grandis in 
the first established stands, and the work reported here 
deals only with thi 9 species. 
Eucalyptus grandis (Hill) Maiden, is known as Flooded 
Gum, and is described by Penfold and Willis (1961) based 
on Blakely (1955) as a tall shaft-like tree from 40-60 
meters in height, found mainly on moist, but not 
waterlogged alluvial flats and lower slopes, and even at 
times on the tablelands. It occurs in areas of good 
rainfall from 40"-70" per annum in the subtropical coastal 
climatic zone of the north coast of New South Wales. In 
spite of the temperatures of the habitat in which it 
occurs naturally, it is capable of surviving a substantial 
amount of frost when planted outside this locality. It 
0 0 
occurs naturally between 17 and 35 latitude. The timber 
is pale red, light, straight grained, fissile, rather open 
textured and moderately durable. It is one of the small 
minority of eucalypts which do not possess a lignotuber 
and belongs to a small group of species placed by Blakely 
in the Series Transversae. This Seriei contains some of 
the fastest growing Eucalyptus species, most of which are 
good forest and timber trees. As a group they have some 
rather distinctive characters, such as hypostomatous 
leaves, a feature which is infrequent in the genus . 
E.grandis has been introduced into many countries 
including Brazil, Argentina, South Africa, Rhodesia, Kenya, 
Congo, Nigeria, India and Ceylon. In a number of places 
particularly in South and Central Africa it is widely, but 
erroneously, known as Eosaligna or simply 'Saligna Gum' . 
•• 
It is the growth performance of this species in areas 
such as those listed which has attracted such particular 
attention. This at times hasreached more than 7 metres 
per year for the first two or three years of growth. 
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Changing technology with regard to paper manufacture 
has recently led to a greatly increased demand for hardwood 
pulp following the initial commercial manufacture of paper 
pulp from eucalypts in Australia in 1938 after many years 
of foregoing experiment. In 1939 only a few species such 
as E. regnans F. Muell., E.delegatensis R.T. Bak and 
E. eugeniodes Sieb. ex Spreng., were used widely for pulp. 
(Penfold and Willis 1961). At present many other species 
of Eucalyptus are also being used. In current practice 
many of the trees being used are considered to be much 
older than d esirable for the purpose (Jeffries 1954). 
The ideal eucalypt for pulp is one which can be grown 
quickly and harvested at a young age of about 10-15 years. 
Overseas plantings of E.grandis, E.globul~ and 
E.camaldulensis Dehn. 
for the pulp industry. 
are providing such raw material 
There are distinct advantages 
in wood quality for pulp if fast grown young material 
is used in the process, and there are overall economic 
benefits conferred by high rates of annual wood increment . 
Thus there has been considerable stimulus to carry out 
more basic study on the nature of the discrepancy in 
growth rates in Australia and overseas and particularly 
in initial growth rates in Australia. 
One obvious difference in the environmental 
conditions within and outside Australia is the absence 
of leaf eating insects in most of the countri es where 
Eucalyptus is planted as an exotic, compared with the very 
large number of such insects specific to Eucalyptus in 
,. 
----
4 
Australiae Jacobs (1951) suggests that this is a potent 
factor in differences in growth rates, and no doubt a very 
substantial pat of the difference is due to thiso There 
are numerous examples including a few small experimental 
trials (Carne, 1966, personal communication) which show 
that if, in the Australian situation, spraying with 
insecticides is regularly carried out, growth of the trees 
in many cases is very much improvede 
It is clear however that this is not the only factor 
involved. Jacobs (1955) eports Eograndis to have grown 
to a height of 40 1 in two years from the date of planting 
on a favourable site in a valley at Pine Creek State 
Forest, Co fs Harbour. During this time these trees were 
al~ost free from insect attacke Nevertheless the growth 
rates of E~grandis planted on apparently good soils and 
with favourable climatic conditions in the same area, also 
in periods of little or no insect attack, have been very 
much lower than those reported by Jacobs, and much less 
than that for the species as recorded in overseas reports. 
It is clear that inadequate nutritional status of the 
soil is also a reason for restricting growth, and at times 
this may be as important as the setback due to leaf eating 
insects. 
The area of this study is located on the north coast 
of New South Wales just south of Coffs Harbour, adjacent 
to and west of Pine Creek State Forest in the Bellingen 
Valley (Figo 1 ) • The mean annual rainfall is 60 11 usually 
with a peak . late and short dry period in n summer a 
spring, but with no prolonged dry periodso The 
temperature is mild in the winter with few light frostse 
•• 
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The soils are coarse sandy loams derived from schists 
and granites . They are acid with pH 1 s 5-6. The vegetation 
of the area is characteristic of east coast sclerophyll 
forests described by Fraser and Vickery (1937-3 8-39) 
Florence (1963-64), and Anderson (1956). 
The E.pilularis (Blackbutt) Association occupies 
the drier ridges with E.acmenioides Schau. (W11.ite Mahogany) 
on the slopes in some cases with E.~ligna (Sydney Blue 
Gum) and E.microco£.Y~ F.Muell. (Tallow wood) approaching 
rainforest and mixed forest in gullies . ~randis and 
Tristania conferta R.Br. (Brush Box) are on deep alluvial 
soils in mixed forests in wetter areas . 
Much of this area has been extensively cleared for 
dairying for 50 or more years. In the land settlement 
practice, the area was divided up into holdings 200-400 
acres each . Different practices within each farm unit, 
some by design and some accidental, led to a mosaic of 
secondary vegetation cover over the whole area. The main 
types of vegetation cover on areas in which plantations 
are being established are: 
•• 
1. Grassland, which covers the major portion 
of the area consisting mainly of, 
a. Paspalum dilatatum Poir. (Paspalum), 
and Axonopus compressus Beauv. (Carpet 
grass), which together form mo s t of 
the pastures in the area. 
b . Pennisetum clandestinum Hochst. (Kikuyu) 
on small areas on most farms. 
c. Pteridium esculentum (Forst. f.) Nakai 
(Bracken Fern) and Imperata cylindrica 
(L.) Beauv . (Blady Grass) invade some 
pastures and form a distinct cover type . 
--
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2 . Second growth forest, consisting in many cases of 
areas which were partially or totally cleared of 
natural forest for grazing but have been allowed 
to revert to forest. These form two groups, 
a. Eucalypts and shrubs of various ages and 
species covering many regrowth areas. 
b. Small areas of Acacia melanoxylon R.Br. 
which forms pure stands. 
J. Natural forest which has been little altered 
except for some burning and logging. 
These different types of vegetation cover have 
different effects on the growth and establishment of 
following eucalypt "plantations. 
Hitherto little examination has been made of the 
growing of eucalypts in plantation in this country, 
consequently little knowledge is available on 
establishment techniques under Australian conditionse In 
South Africa the soil is prepared in some cases by 
extensive cultivation by sub-soiling to a depth of 15", 
followed by discing and harrowing, usually covering 
completely the whole area to be planted (Jackson 1966, 
personal communication). A similar type of soil 
preparation is carried out in Argentina (Mendonza 1967, 
personal communication). The low cost of labour in these 
countries enables other aspects of plantation work, such 
as planting, fertilising and general maintenance to be 
carried out at much lower costs than is possible in 
Australia, and hence more can be spent on soil pre paration. 
In Argentina the cost of seed is very high and 
consequently the whole of the nursery technique is 
orientated towards ensuring every seed planted becomes a 
8 
tree, thus making nursery costs high. This is compensated 
for by the high fertility of the soil which results in 
very good growth without fertiliser. For such reasons and 
also because of differences in climate it is difficult to 
match overseas conditions and hence to use directly in 
Australia the experience gained in these countries. 
Most of the establishment of forests on a plantation 
basis in Australia has been with pines. The growth habits 
and growth rates of pines differ greatly from those of 
E.grandis. This species may grow up to 20 ' in the first 
year of growth, whereas the early growth rates of pines 
a re much slower, as shown by Waring (1962) Baur (1959) 
Stoate (1960) Rich~rds (1961). 
The large number of ecological studies carried out on 
various species and associations of eucalypts, such as 
those by Beadle, Attiw i ll, Florence, C+ocker and Moore do 
not relate directly to plantation establishment, 
especially when this is on areas outside the natural 
occurrence of the species concerned. The object of these 
studies is not primarily to study nutrient deficiencies or 
excesses , but to determine differences in soils and other 
environmental conditions in an attempt to infer whether 
these differences are likely to relate to the distribution 
of the eucalypts occurring there. 
The new set of conditions presented to the species 
when grown under plantation conditions and the 
interactions with this new environment may be quite 
different from those experienced by the species growing 
under natural conditions. 
Experimental work was commenced eight years ago, 
a imed at establishing techniques best suited to eucalypt 
plantation growth in the environmental conditions of the 
area . The first studies by Pryor and Clarke (1964) 
involved nursery techniques, planting and sowing methods, 
soil prepara tion, provenance and species trials and 
fertiliser trials . Present practices were developed as a 
result of this experience . 
Seedlings are raised in the nursery in compressed 
peat moss pots l-J/4 11 x l-J/4 11 x 2" . The peat moss pots 
are placed in wooden boxes, at 48 pots to a box, and 
9 
filled with sand. Several seeds are sown in each pot from 
a hand shaker , the _top of the pot being then covered with a 
thin layer of finely sieved peat moss. The boxes are 
watered and covered by plastic or damp hessian bags until 
the seeds germinate. After a period of about four weeks 
the seedlings are thinned by hand to one per pot. Watering 
is by fine sprays automatically controlled. Commercial 
grade all-purpose fertiliser is applied in solution at 
regular interva ls to the seedlings. 
Several other variations in nursery methods have been 
tried such as in the use of galvanised or veneer tubes, 
and also open root planting but these have not been 
pursued since they disclosed no advantage over the methods 
in use. 
Site preparation has been changed from 'blading off' 
the grass sward with a bulldozer along contours, to the 
use of a Mathis plough, which is a unit consisting of a 
leading coulter followed by a mouldboard with two offset 
discs trailinge The plough produces a clean furrow as 
shown in Fig. 2 and Plate 1 . 
•• 
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MATHIS PLOUGH IN SECTION 
(Diagra matic) 
Plate 1 
SOIL PREPARED BY MATS IS PLOUGH 
10 
MOULDBOARD 
Offset Disc 
This ype of soil preparation ensures the seedling 
has an area of soil on which to develop free from grass 
competition for several weekse The land is contour 
ll 
ploughed at 10' intervals and the seedlings are planted at 
9' intervals in the centre furrow. 
Several variations in the methods of planting and 
sowing have been tried, including spot sowing of seed and 
sowing in lines as reported by Pryor and Clarke (1964). 
These gave way to the present method as shown in Plat e 2. 
Plate 2 
FIELD PLANTING METHOD 
h 
1 2 
The planter carries a box of 48 plants in a light 
meta carrier and a mattock. The plant and the pot intact 
a re planted in a mattock hole and the soil is tramped in 
a round it. Very good establishment survival is obtained 
by this method, usually more than 95 per cent, providing 
planting is carried out when there is adequate soil 
moisture. The percentage survival of seedlings raised in 
J'f y pots and planted into grassland is considerably 
bet er than those obtained by Floyd (1962). Because there 
is sometimes a need to hold plants in the nursery awaiting 
favourable planting conditions, the medium used in the pots 
becomes important . Sand, being very low in nutrients is 
favou ed , as growth in the pots is cut down very quickly 
" 
when this is desired simply by withholding the supply of 
soluble fe tilisere When favourable conditions arise for 
planting , the plants are given a few days of fertiliser 
treatment to stimulate growth again after which they are 
planted out. 
The application of fertilisers has long been used to 
Many increase the growth and yield o agricultural crops. 
diffe ent methods have been used to apply these 
fertilisers and the location of the application in 
relation to the plant has also received much attention. 
Fertilisers have been applied by spreading uniformly 
over the whole area by hand, or with mechanical 
broadcasters, while in recent years this has been done by 
aeroplanes. This method of application has a major 
advan age in the f rtilising of crops which fully cover 
th whole area uch as pastures. 
lJ 
It has been shown by Williams (1940), Roy and Thomas 
(1951), Williams (1950), Williams and Steinbergs (1958) 
that when phosphorus is applied in fertilisers, it does 
not move far down the profile even after a very long 
period of time, except in the case of deep sands (Ozanne 
et al 1961) which are quite unlike the soils of this area. 
Russell (196~ reports that there was very little 
lateral movement of phosphorus over a very long time in 
the soil in trial plots at Rothamsted. By comparison, 
nitrogenous compounds, particularly nitrates, may be lost 
to plant growth by leaching down through the soil profile. 
When fertilisers are added using these nutrients, 
particularly phosphorus, it is necessary to ensure that 
the plant being fertilised will be able to use the added 
nutrients as quickly as possible. In the case of a tree 
crop, where seedlings are planted at intervals severa l 
feet apart, it is important to ensure that the plants get 
as much of the fertiliser as possible before other likely 
plant competitors. 
Russell (1961) states -
If a soil is very poorly supplied with a 
particular nutrient, then the crop appears 
to be able to take more of this nutrient 
from a dressing of fertiliser concentrated 
in the soil near the plant, than if the 
same dressing is broadcast over the surface 
of the soil. 
For this reason specific fertiliser placement has 
been used for the growth of cereal and other crops. The 
fertiliser is drilled with the seed down the same furrow 
at th time of planting. Other methods are to drill in 
the fertiliser in a band of a few inches away from the 
seed to the side or sometimes below it. 
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Particu ar methods have been developed for different 
agricultural crops, and these practices may vary from area 
to area depending on the environmental conditions. 
The availability of applied nutrients may be affected 
' by other practices, as for example in the work of Williams 
and Simpson (1965) which showed the availability of 
superphosphate to sub terranean clover was reduced by 
cultivating the top 4 11 of the soil. A similar reduction 
would also follow periods of waterlogging. 
In the establishment of E.grandis in the study area 
the practice of adding fertiliser has been to place it in 
a solid form beside the plant or in a circle around it, 
never more than 9" away, on the surface of the soil after 
the plant has been established for several weeks in the 
field. 
This method has the advantage that the fertiliser 
added is readily available to the plant at an early stagee 
Surfaces prepared by Mathis ploughing remain free from 
other plant growth for a fairly long period of time, 
ensuring that the young tree has a competition-free period 
during which the added fertiliser is accessible to it. 
In a short rotation tree crop of 10-15 years it is of 
particular importance that rapid growth is attained in the 
earliest possible time after planting, to ensure rapid 
canopy closure and full site occupation by the trees. 
The fi rs t est a b lished plantations showed poor and 
irregular growth. This was thought to be due to possible 
nutrient deficiencies. Simple fertiliser trials (Pryor 
and Clarke 1964) were carried out to test this ideae The 
results showed nitrogen to be deficient, and nitrogen in 
•• 
-
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the presence of added phosphorus showed the best growth 
:i;esponse. As a result plantations were fertilised as a 
standard practise with 2 oz. Urea per tree. This was 
clearly not the whole answer, as the growth response 
following this fertiliser application was not as good as 
anticipated. Additional fertiliser trials by Pryor and 
Clarke (1964, unpublished) showed a very marked response 
to N and P applied together, and no significant difference 
over control when nitrogen was applied alone in the form 
of Urea at 2 oz. or 4 oz. per tree. 
Because of these results it was decided to amend the 
prescription and to fertilise new plantations with 
nitrogen and phosph~rus together. A commercial fertiliser, 
* nitrogen and phosphorus in the proportion 20:11 (a 50/50 
pelleted mixture of superphosphate and ammonium sulphate) 
WqS applied at the rate of 2 oz. per tree. 
Sev~ral questions remained unanswered at this stage, 
such as - was the N:P ratio ideal and was the form 
available commercially fully satisfactory? Should there 
be only one application or a sequence of applications of 
the same total amount? It was also important to know if 
different types of foregoing vegetation cover require 
different types 9f fertilisers or different amounts of the 
same fertiliser for the same levels of growth response in 
E.grandis. 
It was of obvious importance to know whether there 
were any nutrient deficiencies in the soils of the area 
which might be limiting growth. Pryor and Clarke's 
* This fertiliser will be referred to as 20:11 hereafter . 
•• 
--
preliminary study suggested both nitrogen and phosphorus 
deficiencies, but no potassium deficiency. 
The most important general effect of mineral 
deficiencies is reduced growth. Growth is sometimes 
16 
depressed by mineral deficiencies before other symptoms 
appear (Ingestad 1957). This is generally the case with 
E.grandis, although often the leaves of plants deficient 
in nitrogen are a yellowish green, compared with the dark 
green leaves of the healthy plants. 
Soil preparation by the Mathis plough, although 
providing a competition free area on which to plant the 
young seedlings , seems to be lacking for two main reasons. 
Firstly the plough ~hrows away the surface two or three 
inches of topsoil which probably contains the major 
portion of the potentially available nutrients, and 
secondly the surface left by the mouldboard is often hard 
and smooth which may affect water infiltration 
particularly during heavy rain. Perhap s too, since the 
soil is not broken to any substantial depth, this may 
affect the establishment of the young seedling root system . 
Further investigation into cultivation effects was 
obviously needed. 
The measurement of growth can be done in many ways. 
It is common in pot trials to use dry weight which gives a 
very good estimate of growth. This type of growth 
measurement requires the killing of the plants and also 
can only be used for plants which are small. In the case 
of a tree crop other methods of measuring growth have to 
be used, particularly if continuous growth records are 
required. Foresters have used many different methods of 
assessing growth to estimate and predict the yield of the 
17 
crop. These include height and diameter from which volume 
computations are made. In research particularly on 
seedlings and saplings, height is commonly used as the 
measure of growtho Kozlowski (1962) states, 'In these 
small trees height is easily measured and may be more 
sensitive to treatment and site factors than diameter or 
volume growth'. 
For these reasons height is used as a measure of 
growth in all the field trials. 
18 
CHAPTER 1 
FIELD FERTILISER TRIAL PLANTED IN LATE SUMMER 
Results of field trials carried out by Pryor and 
Clarke (1964 unpublished), showed that several points 
needed further investigation$ Initially Pryor and Clarke 
(1964) showed that very favourable growth could be 
obtained by the addition of nitrogenous fertiliser, but 
there was bet er response in all treatments in which 
nitrogen and phospho~us had been added together. In the 
subsequent field trial the response of both 4 ozo and 2 oz. 
of Urea per tree did not differ significantly from the 
control but all NP treatments showed a significant 
interaction. The possible explanation for these two 
vastly different and conflicting sets of results involving 
the same species (E.grandis)~ and the same fertilisers, 
may lie in the fact that it was subsequently learned that 
the area used for the initial trial had been fertilised 
with superphosphate a few years prior to the trial. If 
this were the case, then the response initially attributed 
to nitrogen alone was probably in fact an NP interaction 
since this site wou d have had a higher initial phosphorus 
l evel than other sites, due to residual phosphate. 
Results at this stage were incomplete and some even 
parado ical, so it was decided to carry out additional 
field trials to investigate further the response of 
E.grandis to nitrogen and phosphorus fertilisers. 
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Ammonium phosphate was used because in a previous 
trial it had given promising results when applied at 4 oz. 
per tree. Superphosphate/urea treatments were used to try 
to establish the best NP ratios required. 20:11 was 
included because at the time it was being used in 
plantation practice as a comparatively cheap and easily 
handled source of nitrogen and phosphorus which was 
commercially available. Superphosphate was used to test 
the response to phosphorus alone and urea was used to test 
the response to nitrogen alone. 
MATERIALS AND METHODS 
An area of old pasture which was known not to have 
been fertilised for 20 years and probably not at all 
previously was selected for the trial. An area 200' x 180' 
covered with Blady grass (Imperata cylindrica), Carpet 
grass (Axonopus compressus), and Bracken fern (Pteridium 
esculentum), was cleared of stumps, logs, and shrubs, 
followed by rotary hoeing twice to a depth of 8 11 • 
Seedlings were selected for uniformity of size at 
approximately 20 ems. in height and planted in rows 6 1 
apart at J' intervals within the rows. Six randomised 
blocks, each containing 10 rows of 25 trees,were used. 
Each row was a fertiliser treatment. Due to the unusually 
hot dry conditions prevailing at the time of planting 
(February 1965), the seedlings had to be watered in, each 
plant receiving about a gallon of water about half an hour 
after planting to ensure its survival . 
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All f rtilisers were applied in solid form in a 
circle approximately l' in diameter around the base of the 
plant. The fertilisers were added six weeks after 
planting, because experience elsewhere had shown that a 
lapse of a few weeks is necessary to avoid damage to the 
plant s by heavy applications of fertilisers when added in 
this way. 
The ten treatments used were as follows:-
2 oz. Ammonium Phosphate 
4 oz. Ammonium Phosphate 
6 oz. Ammonium Phosphate 
4 oz. 20:11 
l oz. Superphosphate 2 oz. Urea 
2 OZe Superphosphate J oz . Urea 
4 oz. Superphosphate + J oz. Urea after 3 months 
6 OZ e Superphosphate 
2 oz. Urea 
Cont ol 
Weeds were chipped from around the plants about seven 
months aft er planing. Height measurements were taken at 
O, 6, lJ, 19, 25 , 39, and 52 we eks after fertilising. 
Statist·cal analysis was made of the means of the 
increase in height after 12 months e 
RESULTS AND DISCUSSION 
Fig. J shows the mean increases in height of seedlings 
planted in late summer and grown for 12 months • 
•• 
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Table I 
RESPONSE TO FERTILISER - Summer Planting 
Treatments 
Mean increase 
in height in 
ems. after 
3 months 
Mean increase 
in height in 
ems. after 
12 months 
2 oz. Ammonium Phosphate 
4 oz. Ammonium Phosphate 
6 oz. Ammonium Phosphate 
4 oz. 20:11 
1 ozG Superphosphate 
2 OZo Urea 
2 oz. Superph osphate 
3 oz. Urea 
4 ozG Superphosphate + 
3 oz. Urea after 3 
months 
6 oz. Superphosphate 
2 oz. Urea 
Control 
33 . 3 
38.9 
40.6 
39.6 
40.4 
16.7 
16.0 
18.4 
13.3 
196.8 
247.4 
279.9 
286.2 
262.2 
305.2 
254.2 
111.6 
167.4 
103.7 
L.S.D. between any two means after 12 months at the 5 per 
cent level = 44.3 ems. 
There was no significant response to phosphorus alone, 
however when 3 oz. of urea was added to the 4 oz. 
superphosphate treatment after 3 months, the response was 
immediate and a sharp increase in growth occurred. The 
increase in height attained by this second application was 
the same as the increase attained by the 4 oz. 20:11, and 
the 6 oz. ammonium phosphate treatments in the 9 months 
after the second fertiliser application. 
Even a ter 3 months growth there was a better 
response by all treatments with both nitrogen and 
phosphorus added together, than those whi h had nitrogen 
or phosphorus a one. 
•• 
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2 oz~ urea showed a significant response over control 
but this treatment was significantly lower than all the NP 
treatments except 2 oz. ammonium phosphate. 
The 2 ozo ammonium phosphate treatment began to fall 
behind the other NP treatments after only 6 weeks. The 
4 oz~ ammonium phosphate and the l oze superphosphate 2 ozo 
urea treatments began to fall behind the remaining NP 
tr~atments after 6 monthse There was no significant 
di erence between the remaining NP treatments, 6 oz. 
ammonium phosphate, 4 oz~ 20:ll 7 and 2 oze superphosphate 
3 oz urea, at the end of l2 monthso 
There was little evidence of a slowing down of growth 
at any time of the year except for the period between 25 
and 39 weeks. During this time, which included November 
and December, there was some attack by scarab beetles. 
The effect of this attack can be judged by measurements 
taken in early January on the 6 ozo ammonium phosphate and 
Control treatments (Fig . 4). During this period there was 
sufficient rain to ensure normal growth, and it seems very 
likely that this decrease in growth was due to defoliation 
by the leaf-eating insects. 
A mean increase in height of about lO' in the first 
2 months was achieved by the best fertiliser treatmentse 
Even though there was about 50" of rain during the course 
of this experiment, which is not greatly below the normal 
for the area 7 in ~he lO months prior to the experiment 
from June 1964 till March 1965 inclusive there was only 
l8" of rain. This was very much below the normal for the 
area and consequently may have resulted in the rain 
received during the experiment being less effec ive. It 
25 
may there ore bee pected that growth rates better than 
those attained in this trial will follow in a more normal 
seasono 
I' 
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CHAPTER 2 
FIELD FERTILISER TRIAL WINTER PLANTING 
Planting to date had been carried out in late summer. 
This practice had raised certain problems, as during the 
summer there were frequent thunderstorms and some 
hailstorms ~ Plants require from 10-12 weeks in the 
nursery before planting and during this time could be 
severely damaged by heavy rain or hail, particularly if 
they had just germinated. 
The preparation required to get seedlings to this 
stage is quite costly, and the possibility of planting 
later in the year was considered to avoid possibly the 
effect of storms on the young nursery stock. If this were 
to be done it would require planting and fertilising the 
seedlings in the field in wintero The question arises 
whether there would be any significant loss in growth over 
the first year in trees planted in winter compared with 
those planted in summer. 
For these reasons a trial similar to the previous one 
was proposed to compare growth of trees planted and 
fertilised in winter with those planted and fertilised in 
late summer. 
As results from the first J months of the late summer 
trial were available, it could be seen (Table 1) that even 
at this early stage there was very little response to 
superphosphate alone, t hus it was decided to delete that 
treatment. The distinct response to 4 oz. 20:11 after 
three months suggested that a further investigation into 
the response of this fertiliser was warranted, 
particularly as lower levels would be most attractive 
economically for large scale plantation fertilising. 
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The 2 oz. superphosphate J oz .. urea treatment was 
also deleted because it did not differ in response at 
three months from the treatment 1 oz. superphosphate 2 oz. 
urea. The 2 oz. urea treatment was retained because it 
was thought that its appli cation at different times of the 
year might have a differe n tial e ff e c t on t he g rowth r esponse. 
MATERIALS AND METHODS 
Another area 200' x 180' was selected adjacent to the 
previous trial .. 
the samee 
The site preparation and the layout were 
Uniform seedlings (approx. 20 ems.) were planted in 
late May 19650 Six weeks later, the initial applications 
of fertilisers were added, and the second applications 
were added after J months .. 
as before. 
The fertilisers were applied 
The ten treatments were as follows :-
2 OZ, Ammonium Phosphate 
4 oz. Ammonium Phosphat e 
6 oz. Ammonium Pho sphate 
1 oz. Superphosphate 2 oz. Urea 
2 oz. 20:11 
4 oz. 20:11 
2 oz. 20:11 + 2 oz . 20:11 after J months 
•• 
2 oz. 20:11 + 2 oz. Urea after J months 
2 oz .. Urea 
Control 
28 
Weeds were hoed from around the plants after 6 months 
and height measurements were taken at O, 6, 12, 20, 26, 39, 
and 52 weeks after the initial fertilising. 
RESULTS AND DISCUSSION 
Fig. 5 shows the mean increase in height of seedlings 
planted and ertilised in winter and grown for 12 months. 
Table II 
RESPONSE TO· FERTILISER - Winter Planti~ 
Mean increase Mean increase 
Treatments in height in in height in 
ems. at ems. at 
J months 12 months 
... 
2 oz. Ammonium Phosphate 14.o 179.5 
4 oz. Ammonium Phosphate lJ.8 218.0 
6 oz. Ammonium Phosphate 14.o 251.4 
2 oz. 20:11 15.1 269.0 
4 oz. 20:11 15.9 288.4 
2 oz. 20:11 + 2 oz .. 20:11 
at J months 14.J 274,.9 
2 oz .. 20:11 + 2 oz. Urea 
at J mon hs 15o7 298.2 
1 OZQ Superphosphate 2 oz. 
Urea 12.7 245.J 
2 oz . Urea 9.5 126.0 
Control 5.7 85.2 
L.S.D. between any two means after 12 months at the 5 per 
cent level= 50.2 ems . 
•• 
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Growth in the irst three months was very slow, this 
wa s probably due to the cold conditions prevailing and the 
ather dry period during August. The growth rate 
increased rapidly with the advent of rain and warmer 
weathero 
The treatments containing 20:11 performed better than 
those withouts There was no significant difference 
between the 20:11 treatments, but the 2 oz. 20:11 + 2 oz. 
urea after J months showed the best growth rates of all 
treatments particularly in the last 6 month se 
2 oz. urea alone once again showed a poor response 
and did not differ significantly from controle 
The heights attained by the best fertiliser 
treatments in this trial were very similar to those 
attained in the previous trial which was planted and 
fertilised in late summer. 
Jl 
CHAPTER J 
FIELD FERTILISER TRIAL UNDER PLANTATION CONDITIONS 
Growth rates of plants grown in fertiliser trials on 
sites prepared by rotary hoeing, were very much better 
than those being obtained under normal plantation practice 
on Mathis plough preparation and fertilised with 2 oz. 
2 0 :ll + 2 ozc 20:ll after about three months~ Even though 
no experimental data were available for growth rates in 
plantations, it was quite obvious from general observation 
that very fe w trees were exceeding seven feet in height in 
the first yea of growth which wa s much less than the 
10-15 feet being reached in the trial plots. 
In an effort to compare directly growth rates and 
fertiliser response under the two different conditions, a 
field trial was proposed in a regular plantation (site J 
on Fig. 1). The block had been planted in May 1965 at the 
s ame time as the previous winter trial and so would be 
able to give a good comparison as far as parallel growth 
was concerned. 
It was thought this trial might show if there were 
any great dif erences due to cultivation, that is, 
differences between otary hoeing and Mathis ploughing. 
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MATERIALS AND METHODS 
Four adjoining blocks at site J (Fig. 1) were 
selected on a uniform slope each with eight ploughed lines 
containing 20 trees at 9' spacings$ Eight treatments were 
selected, seven being the same as those used in the 
previous winter planted trialo 
follows:-
The treatments were as 
2 oz. Ammonium Phosphate 
6 OZe Ammonium Phosphate 
2 OZa 20:11 
2 OZo 20:11 + 2 oz. 20:11 after J months 
2 OZo 20:11 + 2 OZo Urea after J months 
4 OZo 20:11 
6 OZo Ammonium Phosphate + further cultivation 
Control 
* 
Fertilisers were added in the same manner as previous 
trials and height measurements were taken at the same 
times as the previous winter planted trials 
RESULTS AND DISCUSSION 
Fig. 6 shows the growth response of seedlings planted 
and fertilised in winter and grown on a site prepared by a 
Mathis plough. 
The response to fertilisers was the same as the 
previous trial, but from Fig. 7 it can be seen that the 
* The further cultivation consisted of breaking up the 
ground for an area of about one square yard around each 
plant to a depth of about 4 11 with a mattock . 
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Figure 7 
rotary h oed preparation was considerably better t han the 
Mathis ploughed preparation. 
Table III 
RESPONSE TO FERTILISER - Winter Planting 
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Mean increase Me an increase 
Treatments in h eight in in height in 
ems. at ems. a t 
3 mont h s 12 months 
2 o z . Ammonium Phosphate 6.5 101.4 
6 oz. Ammonium Pho sphate 6 .9 118.6 
2 oz. 2 0 :11 9.9 119 .6 
2 oz .. 2 0 : 11 + 2 oz .. 2 0 :11 . 
at 3 months 9.3 12007 
2 OZo 20:11 + 2 oz. Urea 
a t 3 months 
. 804 135.3 
4 OZo 2 0 :11 8.4 132 .. 6 
6 oz~ Ammonium Phosphate 
+ further 
cultivation 7.0 125.9 
Control 6. 0 74.3 
L.S.D .. between any t wo means after 12 months at the 5 per 
cent level= 22~0 ems. 
The 2 OZo 20:11 + 2 oz. Urea after 3 months again 
s h owed the best growth rate over the last six months, 
suggesting that this increase in growth due to nitrogen 
added after three months is a real trend even though it 
wa s not significantly better than the other 20:11 
treatments after 12 months. 
There appears to have been some effect due to the 
u rther cultivation, even though it was not significantly 
better than the 6 oz. ammonium phosphate treatment after 
12 months , but the cultivated treatment showed a faster 
growth rate over the last 6 months . 
•• 
-
he big ct· ference between the heights of the trees 
in the rota y hoed trial and the Mathis trial may be due 
in part to the closer spacing of the former, despite the 
fact that i is usually thought that height is not 
appreciably affected by spacing in forest stands. This 
36 
may play an important part in the last three months, 
because at about 9 months the closest spaces trees are 
closing crowns. Any difference due to spacing is probably 
of minor importance, because after only 3 months plants on 
the rotary hoed preparation showed a growth response 
almost twice that of those on the Mathis preparation. 
Table IV 
Increase in 
Treatments height 
above control 
R 
-R M R-M R-M 
2 oz. Ammonium Phosphate 94.3 27el 71.2 1.22 
6 oz. Ammonium Phosphate 166.2 4403 121.9 1.36 
2 oz . 20:11 183.8 4303 138.5 1.33 
2 oz. 20:11 + 2 oz. 20:11 
after 3 months 189.7 46.4 143.3 1.32 
4 oz. 20:11 203.2 58.3 144.9 lo40 
2 oz. 20:11 2 oz. urea 
after 3 months 213. 0 6100 152.0 1.40 
R = Rotary hoe preparation 
M = Mathis plough preparation 
Table IV shows the response above control of the 6 
parallel ferti iser treatments used in the two winter 
planted fie d trials after 12 months growth. The R-M 
•• 
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value gives an approximate value for the growth difference 
due to the different types of cultivation. R/R-M appears 
to be more or less constant for all the treatments, and 
this may be due to a constant fertiliser/cultivation 
interaction. 
JS 
CHAPTER 4 
DEFICIENCY TRIAL 
The response in several separated trials to both 
nitrogen and phosphorus indicates that a deficiency in 
both these elements is widespread in the area. There was 
no significant response to potassium in Pryor and Clarke's 
earlier trial, suggesting that this element may not be 
limiting growth. Phosphorus was added as superphosphate, 
and part of the resportse gained by the addition of the 
phosphorus in this form may have been in fact due to 
calcium or sulphur, which are both present in 
superphosphate. 
Hybrid maize farmers in the Coffs Harbour district 
had noted that the addition of Mo superphosphate evened 
out irregular growth in their crops which were normally 
fertilised with superphosphate, suggesting that Molybdenum 
was limiting the growth of maize. 
Observations of the growth of nursery stock of 
E.grandis raised in different types of containers suggested 
that there may be some nutrient effect i.e. some minor 
element present in certain types of pots not present in 
others. 
From the above scraps of evidence it was obvious that 
the nutrient status of the soil with regard to the 
nutrition of E.grandis should be known, so that full use 
of fertilisers could be made to increase the growth rates 
of the trees. 
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Very ittle is known about the nutrition of eucalypts, 
and hence the levels at which various elements become 
limiting to growth. These quantities obviously vary from 
species to species, as many pot trials, mainly associated 
with ecological studies by such workers as Moore (1959 
and 1961), Attiwill (1962), Beadle (1954), and 
Winterhalder (1963) have shown. The particular problem 
here is to determine whether the soils of the area have 
any nutrient deficiencies other than nitrogen and 
phosphorus, which might limit the growth of E.grandis. 
This was regarded as a preliminary trial, to cover 
mainly a wide range of elements essential for plant growth, 
and to see if there w~re any indication of a deficiency 
other than nitrogen and phosphorus, which could be 
followed up in further pot and field trials. It is well 
realised that the results from a trial such as this may 
bear little relation to the growth of much older plants in 
field conditions, but it was considered likely that if any 
deficiency did show up in the young seedlings under these 
conditions it would probably also affect the older trees 
as well. 
MATERIALS AND METHODS 
A glasshous e pot trial was carried out in Canberra to 
ascertain whether there were any nutrient deficiencies 
other than nitrogen and phosphorus in soil taken from the 
summer planted trial. 
Soil was collected from between two control rows in 
which the trees were growing poorly. The soil was 
thoroughly mixed, sieved through a 2 mm. sieve and its 
field capacity determined. 1500 gms of soil at field 
capacity was placed in plastic bags and put in closed 6 11 
plastic pots. 
40 
Basal dressings of nitrogen and phosphorus were added 
to all pots. The basal dressings were:-
P ... 50ppm. as NaH2P04.2H20 in solution/pot. 
N .. ~ 50ppm. as NH4NOJ/pot plus 
20ppm. as NH4NOJ/pot after 6 weeks. 
A deficiency trial was carried out using a quarter 
replicate factorial layout (Cochrane and Cox 1957), using 
8 treatments. Because little was known of the nutrient 
requirements of E.grandis seedlings the quantities of 
nutrients added were similar to those used by K. Spencer, 
Division of Plant Industry, C.S.I.R.O., Canberra 
(unpublished), for the growth of subterranean clover. The 
treatments used were in ppm. dry weight of soil. 
50ppm. Ca as CaC12.2H20 
50ppm. K as KCl 
20ppm~ Mg as MgAcetate 
JJppm. s as Na2S04 
5ppm. Fe as FeEDTA 
5ppm. Zn as ZnC12 
O.lppm. Mo as NaMo04.2H20 
A 'shotgun' of 5ppm. Mn as MnC12.4H20, 2.5ppm. Cu as 
CuC12.2H20, and lppm. Bas HJB207. 
Several seeds of E.grandis from Pine Creek State 
Forest were sown in each pot. After one month the 
seedlings were selected for uniformity and thinned to 5 
plants/pot. The pots were watered to field capacity by 
weight with glass-distilled water each day. 
rerandomised every 10 days. 
Blocks were 
Five months after sowing, some plants were showing 
signs of reaching pot capacity and at this stage the 
experiment was harvested. 
The leaves were removed by cutting off at the 
j unction of petiole and lamina, the stems were cut off 
41 
j ust below t h e cotyledon scars , and the roots were 
carefully washed free of soil. Dry weights were obtained 
by drying t h e plant parts in an oven at 105°c for 24 hours , 
cooing in a des i c cator and weighing. 
The statistical analysis was by Mr G eA. McIntyre, 
Division of Math ema tical Statistics , C.S . I.R.O. , Canberra ~ 
RESULTS AND DISCUSSION 
There was a significant response at the 5 per ce.nt 
level by the leaves to added magnesium, but there was no 
significant response at the 5 per cent level shown by any 
of the other plant parts or the whole plant to any of the 
a dded nutrients. The test of largest F ratio out of 8 for 
main effects aga inst the error mean square (Fearson and 
Hartley, 1954, Table 19) re quires a n F value of above 8.2 
for significance at the 5 per cent level. 
reached for any organ (Appendix 1) . 
This was not 
These results suggest that there was no deficiency 
other than nitrogen and phosphorus in the soil tested 
using Eograndis seedlings 0-5 months old as the test plante 
Subsequent results (Fig . 9) sugg est that the levels of N and 
P used in the basal dressing may have been sub-optimal, and 
this may have masked other deficiencies . 
•• 
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Calcium 
Potassium 
Magnesium 
Sulphur 
Iron 
Zinc 
Molybdenum 
CuMnB 
Control 
Table V 
POT TRIAL SHOWI NG RESPONSE TO ADDED ELEMENTS 
Coff s Harb our Soil 
LEAVES STEM SHOOT ROOT WHOLE PLANT 
Total Mean Total Mean Total Mean Total Mean Total Mean 
175.85 5.50 97.22 3.04 273 .07 8.53 94e76 2 .96 367 . 82 11.49 
177.55 5055 97014 3.04 274 . 69 8.58 92053 2.89 367022 11.48 
182.23 5069 97e73 3.05 279.96 8.75 91.,32 2.85 371 . 28 11.60 
173.22 5.41 93°37 2.92 266059 8 033 92.91 2.90 359.50 11.23 
175.41 5.48 97 . 27 3.04 272.68 8.52 101.87 3.18 374 . 55 11.70 
173.20 5.41 97.11 3o03 270.31 8.45 91.21 2.85 361.52 11.30 
176.14 5.50 97.82 3.,06 273 .96 8.56 100064 3.15 374.60 11.71 
180.74 5.65 98.75 3.09 279 .49 8 . 73 94.30 2.95 373079 11.,68 
5.67 2.96 8.63 3.45 12.08 
Mean dry weights in grams. 
+"" 
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CHAPTER 5 
POT TRIAL WITH VARYING LEVELS 
OF ADDED NITROGEN AND PHOSPHORUS 
The knowledge of the nitrogen and phosphorus 
requirement of E8grandis seedlings is basic for future 
work in pot trials using this species, particularly in 
work involving effects of factors other than those of 
nitrogen and phosphoruse 
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It has been shown by McIntyre (1964) that other 
species of Eucalyptus, namely E.albens Mi q. and E.saligna, 
which occur naturally on good soils have an optimum growth 
range for young seedlings between 200ppm. and 700ppm. 
phosphorus in the soil when lOOppme nitrogen was added. 
E.grandis occurs naturally on the north coast of New South 
Wales on good soils 7 usually on river flats or bottom 
slopes. It was thought that the range of optimum growth 
of E.grandis seedlings would be fairly close to those of 
the other species. 
It was elt that by carrying out a factorial type NP 
pot trial using several levels of nitrogen and phosphorus 
that a plateau of optimum growth would be established 
which could be of use in future pot trials and possibly in 
the amounts of fertilisers used in the nursery. 
It was planned to use ammonium nitrate as the source 
of nitrogen in the trial, and it was hoped that a 
comparison of the relative effects of the two nitrogenous 
44 
fertiliser s used in the field, ammonium sulphate and urea, 
could be made with this nitrogen source in this experiment. 
It was also planned to compare the relative effect of 
superphosphate with NaH2P04o2H20, which was to be the 
source of phosphorus in this trial o 
MATERIALS AND METHODS 
A glasshouse pot trial was carried out in Canberra to 
test the response of E.grandis seedlings to various levels 
of added nitrogen and phosphorus. 
The soil used was the same as that used in the 
deficiency pot triale It was sieved through a 2mm. sieve, 
thoroughly mixed, and its field capacity determined. 
1000g lots of this soil were placed in plastic bags in 
closed 6 11 plastic potse 
Five levels of nitrogen and phosphorus were used. 
The design was fa c torial as shown in Fige 8. Four 
replicates of each treatment were used . Four randomised 
blocks were used, each with JJ treatments. Rerandomising 
was done within the blocks every ten days for the duration 
of the experimentc 
The phosphorus was added as NaH2P04a2.H20 in solution 
in 50ml. lots so that each pot received its required 
amount of P, and the superphosphate was added in solid 
form to top of each pot to give the required amounts of P. 
The hree nitrogen compounds were added in solution form, 
in 50mlo lots so that each pot re c eived half the required 
amount of nitrogen, the other half was added in the same 
manner ate 4 weeks to avoid damaging the young seedlings 
•• 
with too much nitrogen before they had established an 
adequate root systems 
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Each pot was then brought to field capacity by weight 
with distilled wat ers 
' • 
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LAYOUT OF FACTORIAL NUTRIENT TRIAL SHOWING 
ADDITIONAL SUPERIMPOSED TREATMENTS 1 - 8 
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Young seedlings of E.grandis which had been raised in 
P erlite', about two weeks old, were selected for 
uniformity and planted four to a pot. 
were thinned to J per pot. 
After 4 weeks they 
The pots were watered to field capactty by weight 
with distilled water each day. 
After 15 weeks the experiment was harvested. The 
shoots were cut off just below the cotyledon scars and the 
roots were carefully washed free of soil. Dry weights 
were obtained by drying the plants in paper bags in an 
oven at 105°c for 24 hours, cooling in a desiccator and 
weighing. 
The statistical analysis of these data was carried 
out by Mr G.A. McIntyre, Division of Mathematical 
Statistics, C.S.I.R.O., Canberra. 
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Table VI 
RESPONSE TO ADDED NUTRIENTS -
0 100 
0.380 1.960 
0.940 1.j89 
0.902 5.676 
1.137 1.791 
0 .956 7.199 
1.155 1.856 
-
0.9 5 8"711 
1.145 1.959 
o.423 6.732 
0.964 1.858 
2.739 
1.510 
5 . 978 
1.811 
o.48 
0.990 
0.801 
1.101 
200 
1.927 
1.384 
6.310 
1.829 
9.568 
2.003 
8.811 
1.946 
7.637 
1.907 
5 
6 
7 
8 
400 
2.051 
1.404 
5.012 
1 .. 740 
10 .. 156 
2.027 
11.123 
2 .064 
9.110 
1.980 
48 
800 
2 .459 
1.469 
4.153 
1.663 
8.411 
1.951 
11.947 
2.091 
9.,838 
2 .. 011 
8.389 
1.946 
7.567 
1.906 
8.779 
1.967 
8.157 
1.931 
1-8 refer to the treatments outlined in Fig. 8. See 
page 45. 
A ... Absolute means of the four replicates (x) 
T ... Transformed means-log(GX+H). G=lO, H=5. 
L.S.D. between any two t ansformed means at the 5 per 
cent level= 0.106. 
Fig. 9 shows the response to added phosphorus and 
nitrogen. The data used in this diagram are the absolute 
mean (A). For this reason it was not possible to show a 
L.SaD. value on the diagram. 
The statistical analysis was on the transformed means 
to correct heterogeneity of variance. 
There was a highly significant interaction between 
nitrogen and phosphorus. This interaction confirms, at 
east in the seedling stage, the suspected NP interaction 
in the field tria Sa 
With no addition of either phosphorus or nitrogen the 
other element gave only a small increase in yield, in fact 
with no addition o P" the maximum response to N was 
reached at lOOppms, 
addition of lOOppm. 
thereafter declining. With an 
of P or more and 50ppm. of Nor more, 
the responses to the addition of the other element were 
very large. 
The variations within the replicates of the eight 
extra treatments was excessive, and several plants also 
died. For these reasons it was not felt that a very good 
compar·son could be drawn between the different sources of 
n·trogen and phosphorus. 
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CHAPTER 6 
FIELD TRIALS WITH 2 0:11 
By early 1966 it was becoming obvious that 20:11 was 
a very effective fertilisere Results from previous trials 
indicated that there was very little difference between 
the 2 OZ., 4 OZ., 2 OZo 2 oz., treatments. 
Nothing was known about the response of Eograndis to 
heavier applications of 20:11. It did not seem economical 
to use heavier applications but of course, if a 
substantial gain in growth could be effected in the first 
year, by the addition of large applications of fertiliser, 
this may well be economical if it reduced the rotation 
time by even a small amounto 
It wa s decided to set up two trials, using a range of 
di ferent 2 0:11 applications, on sites prepared by rotary 
hoeing and by Mathis ploughing. Because it was not 
possible to do this at the one site, the rotary hoed trial 
wa s carried out at the nursery, and the Mathis plough 
trial was carried out at Site No. 4B (Fig. 1). 
As this trial wa s designed to test the differences in 
response to varying levels of 20:11 it wa s thought 
unnecessary to include a control (no fertiliser) treatment. 
This comparison had been made in several previous trials. 
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MATERIALS AND METHODS 
An area of 200' x 160 1 was cleared of all stumps and 
logs, and rotary ho ed twice to a depth of 8 11 • Seedlings 
were selected for uni ormity at about 20cms. and planted 
in 20, 7 x 7 blocks, with 5' spacings between trees and 8 1 
spacings between blocks, in January 1966. 
This layout was used instead of the line layout of 
previous trials. By using the outer row as a guard row 
the edge effects and possible effects due to poaching are 
greatly reduced. 
Each 7 x 7 block was used as a fertiliser treatment, 
and four replications" of each treatment were used. The 
five fertiliser treatments were randomised within a row, 
there being four rows of five blocks. 
treatments were: -
2 oz. 2 0 :ll 
2 oz. 20:11 + 2 oz. 20: 11 after 
4 oz. 20:11 
4 oz. 20:11 + 4 oz. 2 0 : 11 after 
8 OZa 20:11 
The five fertiliser 
3 months 
3 months 
The 20:11 wa s added in solid form around the base of 
the plants 6 weeks and 18 weeks after - planting . Height 
measurements we re taken at O, 7 1 13, 20 , 28 , 36, and 46 
weeks after the initial fertiliser applicatione 
The statistical analysis was carried out on the 
inside 5 x 5 trees in the rot ary hoed trial, the outside 
trees being used as guard rows. 
The second trial was commenced 8 weeks after the above 
t ial. An a rea of plantation at Site 4B (Fig. 1), with 20 
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Mathis ploughed lines was selecteds The first 25 trees in 
each line were used as ertiliser treatmentss The same 
five fertiliser t eatments as before were used with four 
replications of each treatment. Height measurements were 
taken a O, 6, 13, 2 , 29, 39 weeks after the initial 
fertiliser application. 
RESULTS AND DISCUSSION 
The 2 oze 20:11 treatment differed significantly from 
all other treatments except the 4 oz. 20:11 treatment in 
the Mathis trial, but differed significantly from all 
other treatments in the rotary hoed trial. · 
There was no significant difference between the other 
treatments in either trialso This suggests that 2 oz. 
20:11 2 ozo 20:11 after 3 months is probably near the 
economic application (Baker 1934), as twice as much 
fertiliser, either as 8 oz~ or 4 oz. plus 4 oz. after 3 
months gave only a small increase in growtho 
The overall difference in height between Mathis 
plough and rotary hoed preparations is probably due, once 
again to dif erent methods of cultivation, although these 
two experiments cannot be compared directly as the Mathis 
trial was planted a few weeks later than the rotary hoed 
trial. This may account for the good growth rate in the 
Math·s trial between 21 and 29 weeks, which in fact 
corresponds to he rapid growth period between 28 and 36 
weeks in he rotary hoed tria . 
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The overall better growth of these two trials 
compared with the previous trials is probably due to the 
later half of 1966 being very much wetter than the growing 
period of the previous trials. 
CHAPTER 7 
GROWTH COMPARISON ON SITES PREVIOUSLY 
OCCUPIED BY GRASSLAND AND EUCALYPT REGROWTH 
Quite a large amount of the area shown in Figo 1 is 
covered by eucalypt regrowth of some kind, consisting of 
varying ages, sizes, and species. 
Much of this r egrowth, adjacent to old pastures being 
prepared for plantation, is not of sufficient stocking of 
species of suitable size, age and numbers to be of 
economic value at the end of a plantation rotation~ It 
has there ore been considered necessary to clear, fell and 
windrow these areas and prepare them for planting in the 
normal way. 
Little is known of the response of Eagrandis on this 
type of site. Floyd (1962) suggests that E.grandis 
performs bet er on such areas than on grassland, and this 
has also been observed in the study area but not recorded 
by experiment . 
The respons e of trees to fe r tili s ers on gras s land 
sites is now well e s tabli s h e d . It is reasonable to expect 
some difference in response to fertilisers on regrowth 
sites, assuming that the forest cover has had a different 
effect on the soil from that of grass cover over a period 
o 20-JO years. 
Th response to ertilisers on such areas is not 
known. Several questions need to be answered, including, 
whether there is any need to add fertilisers at all, and 
if so are they the same required by grassland sites, or 
are di erent p oportions of nitrogen and phosphorus 
required? 
It was decided to set up a field trial and compare 
the response on grassland a nd eucalypt regrowth to 
dif erent types of added nitrogen and phosphorus 
ertilisers. 
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If there had been a build up in the available 
nitrogen and phosphorus in the forest soil, it would be 
reasonable to hope for a reduction in the amount of 
fertiliser used to gain a good growth response. If there 
had been a build up of nitrogen it may be possible to 
reduce the amount of this component in the fertiliser. 
A pot experiment was also planned, using the soil 
collected from the site of the field trial to try to 
equate the results in the field with t h ose obtained in pots 
using seedlings, with the hope of future testing of sites 
by bioassay to estimate the amounts and types of 
fertilisers required. 
MATERIALS AND METHODS 
(a) Field Trial 
An area (Site 6 Fig. l), wi h eucalypt regrowth 20-JO 
years old 7 joining a cleared area which had been under 
pasture for ave y long time, was selected for a field 
ertiliser trial. 
The reg owth was clear felled and windrowed. The 
plot was Ma his ploughed with lines running through 
•• 
grassland and regrowth. 
in June 1966 . 
This was planted at 9' spacings 
S8 
It was decided to use 2 oz. 20:11 + 2 oz. 20:11 after 
J man hs, 2 oz~ 20:11 + 2 oze urea after J months, and 
4 oz~ 20:11 9 to see if there was any different response on 
the regrowth site to the response to these fertilisers on 
grass and, the latter being well known from other trialso 
2 oz. superphosphate 9 4 oz. superphosphate, 2 oz. urea and 
1 oz. urea were used to see if there had been any build up 
of available nitrogen and phosphorus in the regrowth soil 
whi ch it was hoped would show up as an Np interaction. 
Control 9 that is no fertiliser added, was used as an 
·ndicator of the basic differences between the t wo soils. 
Three blocks were used, two blocks had 8 randomised 
lines, and the third had only S lines (2 oz. 20:11 + 2 oz. 
urea a ter J months, 2 oz. superphosphate, and 1 oz. urea 
treatments were omitted because of an accident). 
\ 
Twenty-
five trees in grassland and 25 trees in regrowth were used. 
Fertilisers were added in the normal way at 7 and lJ weeks 
after planting. Height measurements were taken at O, 10, 
18, and 28 weeks after the initial fertiliser application. 
(b) Pot Trial 
Three soil samples were collected from under the 
eucalypt regrowth, and three samples were collected from 
the adjacent grassland. These were bulk samples of the 
top 4 11 and the three regrowth samples were bulked and 
thoroughly mixed, as were the three grassland samples. 
The two soils were sieved through a 2mm. sieve and 
their field capacities determined. 
I , 
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A pot experiment was set up to determine whether 
there was any difference in response to added nitrogen or 
phosphorus by the two soils, using E.grandis as a test 
plant. 
The equivalent of 1000g. of soil at oven dry weight, 
wa s placed in plastic bags in 6 11 closed plastic pots. 
Sixteen pots were filled with grassland soil and 16 were 
filled with regrowth soil . Fig. 12 shows the design . 
1 
No 
3 
N1 
Figure 12 
Po P1 Po P1 
2 5 6 
GRASSLAND 
4 
REGENERATION 
7 8 
No ..... No nitrogen added. 
N1 ..... lOOppm. nitrogen added. 
Po ..... No phosphorus added. 
P1 ....• 200ppm phosphorus added. 
Four replicates of each treatment (1-8) were used in a 
randomised block design. Treatments 1-8 were randomised 
within each block every week. 
From the previous NP pot trial 200ppm. added 
phosphorus and lOOppm. added nitrogen were used because 
these amounts had shown that they were near the optimum 
•• 
levels and probably would not have toxic effects when 
added alone. 
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Phosphorus was added in solution as SOmls. per pot as 
NaH2P04.2H20 so as to give 200ppm.P of dry weight of soil. 
Nitrogen was added as two lots of 25mls of NH4NOJ so the 
total amount of N added was lOOppm. dry weight of soil. 
25mls. were added at the beginning of the experiment and 
25mls. were added after 4 weeks to ensure that the young 
roots would have time to develop before the second 
application of nitrogen. From past experience it had been 
found necessary to add the nitrogen in this manner, 
because a heavy initial application may kill the young 
seedlingse 
The pots were brought to field capacity by weight 
with glass distilled water . Three weeks old seedlings 
which had been raised in Pe rlite' were selected for 
uni ormity 7 and planted four per pot. 
The pots were watered daily to field capacity by 
weight with glass distilled watero 
After 11 weeks the experiment was harvested. The 
stems were cut off just below the cotyledon scars, and the 
roots were carefully washed free of soil. These were 
dr"ed in an oven at lOSoC for 24 hours, cooled in a 
desi c cator and weighed. 
Estimations of he total nitrogen and total 
phospho us were made on the two bulk soil samples, used in 
th pot experiment and for two soil profiles, one 
collected from the middle of the grassland, and the other 
collected from the middle of the regrowth in the field 
trial plot These analyses were made on the 
•• 
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Autoanalysiser at the Division of Plant Industry, Canberra, 
by Mr R. Twinee 
The statistical analyses for the field trial were by 
Mr G.A. McIntyre, Division of Mathematical Statistics , 
C.S.I.R.O., Canberra. 
Plate J 
WELL DEVELOPED STAND OF SECOND GROWTH 
~--~~ ~~-~~-E. GRANDIS ABOUT JO YEARS OLD - Similar 
to that cleared for trial 
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RESULTS AND DISCUSSION 
Table VII 
SOIL ANALYSES FROM GRASSLAND AND REGROWTH SITES 
ppm. Dry Weight of Soil 
Samples 
Grassland bulk sample 
Regrowth bulk sample 
Grassland profile 
0 11 -4 11 
4 11 -10 11 
10"-15" 
24 II 
Regrowth profi e 
0 11 -2 11 
2 11 -5 11 
5"-12" 
24 II 
Total P 
426.4 
182.9 
430.7 
65.3 
104.4 
64"0 
219.3 
160 .. 5 
130.5 
117.5 
Total N 
2440 . 0 
3500.0 
1800.0 
760 . 0 
190.0 
3170.0 
1530 . 0 
150.0 
620 "0 
The soil analysis showed there was more total 
phosphorus in the surface 4 11 of t he grassland soil than 
the regrowth soil . This may have been due to po s sible 
addition of fertilisers at some time on the grassland. 
There was very little difference in the total nitrogen 
levels o the two soils . 
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RESPONSE TO FERTILISER ON GRASSLAND AND REGROWTH SITES - Mathis Ploughe d 
1- 2oz superphosphate 
2- 4 oz superphosphate 
3- 1 oz urea 
4 - 2 oz urea 
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Table VIII 
RESPONSE TO NUTRIENTS IN POT TRIAL ON 
~~~~-~ ~·~~~~--~---GRASSLAND AND REGROWTH SOILS 
Means of the mean dry weights per pot in gms . 
Treatment Means of 
Control p N NP soil 
Soil totals 
Grassland J .. 413 5.297 2.715 5.534 4a240 
Eucalypt 
regrowth 1 .. 920 6 .768 1.764 7.007 4.365 
Means of 
treatment 
Totals 2.667 6.024 2.240 6 .. 271 
" 
L.S .D. between any t wo treatment means at the 5 per cent 
level= 0.935. 
L.S.D. between any two means of treatment totals at the 5 
per cent level= Oo664 .. 
Figure lJ s hows the mean increase in height after 28 
weeks for the field trial .. The analyses for this trial 
are set out in Appendix I .. 
There wa s no significant response to added nitrogen 
on either soil in the pot trial, but there was a 
significant response above control on the grassland soil 
wi th the addition of urea at the 1 oz. and 2 oz. levels in 
t h e field trial. 
There was a significant response to added phosphorus 
on both soils in the pot trial and also a significant 
•• 
soil/phospho us interaction. In the field trial there was 
no significant response to added phosphorus on either 
soils, except for a slight response at the 4 oz. level. 
It would appear from Table VII that there was more 
phosphorus in the soil used in the pot trial than the soil 
in the field trial, because the Mathis plough throws aside 
the surface few inches of soil and this contains the 
highest levels of total phosphorus in the profile. 
It is therefore possible that very young seedlings 
have a much higher phosphorus requirement than the older 
plants wh· ch were used in the field trial. 
From the conflicting results obtained from these two 
trials regarding the response to added nitrogen and 
phosphorus it appears that this method of estimating the 
requirements of trees in the field by using their response 
to added nutrients in trials were unsuccessful in this case. 
CHAPTER 8 
FIELD FERTILISER TRIAL COMPARING 
DIFFERENT TYPES OF SITE PREPARATION 
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Very promising growth had been achieved in trial 
plots on sites prepared by rotary hoeing, but these growth 
rates had not been achieved under plantation conditions on 
sites prepared by Mathis ploughinge From Fige 6 the 
response to the two types of cultivation can be seen. 
This difference may of course be due to a cultivation or a 
cultivation/fertiliser interaction. 
Differences in height of up to 5 ' in one year on the 
same fertiliser treatment have been found. This order of 
height difference in one year is very important when it is 
considered in terms of a whole rotation. For these 
reasons it was decided to make a preliminary investigation 
into new types of soil preparation which could be used on 
a w ·de scale for plantation establishmento 
Rotary hoeing was considered a possible plantation 
preparation only in certain areas and presented obvious 
difficulties. If planting could not follow site 
preparation almost immediately, the growth of weeds may be 
rapid and provide severe competition to the young 
seedlingse In sites occupied by Kikuyu grass, rotary 
hoeing would only serve to chop up the runners and provide 
many new pi ces of stem, each capable of rapid vegetative 
growthe Rotary hoeing has the advantage of retaining the 
top ew inches o topsoil which may contain considerable 
amount s of nitrogen and phosphorus. 
Some modification of the Mathis plough seemed to 
offer a compromise on many of these points. 
Tynes drawn behind the Mathis plough would rip up the 
hard surface let by the mouldboards and discse Small 
' wing ' mouldboards following these tynes would further 
break up the clods made by them, providing a preparation 
which may be more suitable than Mathis alone in which the 
young seedlings may establish their root systems quickly 
in the absence of competition. 
MATERIALS AND METHODS 
A small area at Site 5 (Fig. 1) was selected for this 
trial. Fifteen contour lines were prepared by three 
di e ent methods; Mathis ploughing, Mathis ploughing plus 
further breaking up of the soil by tynes and small 'wing' 
mouldboards, and by otary hoeing twice. 
Approximately JJ plants were planted in each line at 
6 ' spacings. Two fertiliser treatments were superimposed 
on these methods of preparation to give some indication of 
their potential and to compare them directly with the normal 
practicee Eleven plants in each line were fertilised with 
2 oz. 20:11 + 2 oz. 20:11 after J months, 11 plants 
fertilised with 2 oz. 20:11 + 2 oz. urea after J months, 
and the remainder were used as controls (no fertiliser 
added)e 
Fer i isers were added in the normal way 6 and 19 weeks 
after panting, and height measurements were taken at O, 7, 
20, and JO weeks after the initial ertiliser applicatione 
Plats 4, 5 and 6 show the three preparation types at 
about the t·me of planting. 
Plate 4. 
Mathis Ploughing 
Plate 5. 
Mathis Ploughing plus 
further ripping 
.. 
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Plate 6. 
Ro tary Hoeing 
RESULTS AND DISCUSSION 
Figure 14 shows the response to the three different 
types of soil preparation and the effects of the 
fertiliser treatments on thema 
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This trial was only of a preliminary nature to see if 
there were any gross differences between the cultivation 
method s used and in particular to see if a response 
similar to that obtained in other trials by rotary hoeing, 
could be approached by Mathis ploughing plus further 
ripping. It was hoped to use the results of this trial as 
a guide to further tests in this area of investigation. 
From Fig. 14 it can be seen that the early growth 
rates of all treatments on rotary hoed soil were better 
than similar treatments on the other preparationse After 
ten weeks however weed growth was prolific on the rotary 
hoed site, while the other two remained virtually free of 
any weed growtha At the same time as the weed growth 
increased the growth rates of seedlings decreased. 
There was a significant fertiliser effect and also a 
significant ertiliser/cultivation interaction~ There was 
very little difference in the response to the two 
fertiliser treatments used but both gave a very marked 
response above control on all three cultivation categories& 
It appear that most of the difference between the 
responses on these three types of cultivations is due to a 
ertiliser/cultivation interaction and very little due to 
cultivation alones 
From FigB 14 it appears that Mathis plus ripping is 
superior to both the other treatments and has the 
•• 
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advantage over rotary hoeing of a long period free from 
weed growth. 
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The treatment without fertiliser on the rotary hoed 
preparation grew very much better than the similar 
treatments where Mathis and Mathis plus ripping was used, 
despite weed competition. This may have been due to the 
topsoil which is retained in rotary hoeing, having more 
available nitrogen and phosphorus than the two Mathis 
preparations , in which the topsoil is removed. 
CHAPTER 9 
GROWTH RESPONSE FOLLOWING ACACIA CLEARING 
Foresters have been interested in the prospect of 
growing nitrogen fixing plants with or before the tree 
crop, to increase the nitrogen status of the soil , and 
ncrease growth a nd reduce the need to add fertilisers . 
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The ability of legumes to fix nitrogen from the air and to 
pass this on to plants growing with them has been known 
and exploited by agriculturalists for a very long time . 
In t h e Cof s Harbour area Sally Wattle, Acacia 
melanoxylon is a pasture weed, and if allowed to grow 
unchecked, quickly invades pastures and forms pure stands. 
Such a pure stand was selected at Site 7 (Fig. 1). It 
covered about ten acres, and formed a pure stand of Acacia 
melanoxylon with the oldest trees 2 0 - JO years old. Canopy 
had closed and there was very little other vegetation 
wi t h in the stand. 
The stand was cleared and Mathis ploughed and planted 
n the normal plantation manner . 
twas decided to superimpose several fertiliser 
treatments to see if there were any differences in the 
growth response which may have been caused by a build up 
in soil fertility over the 20-JO years preceding planting, 
part·cularly w ·th respect to nitrogen. From this it was 
hoped to ga·n some idea of the types of fertilisers, if 
any, which would be required by this situation. 
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MATERIALS AND METHODS 
Twelve contour lines were selected in the middle of 
the old wattle patch, and the first 20 trees in each line 
were usede The layout was of four treatments, one per 
line, randomised within each block , there being three 
blocks. 
The treatments used were:-
2 oz. 20:11 
2 oz. Urea 
4 oz. superphosphate 
Control 
The fertilisers were added as in previous trials, and 
height measurements were taken at O , 40, and 63 weeks 
after fertilising. 
RESULTS AND DISCUSSION 
Table IX 
RESPONSE TO FERTILISER ON SITE 
CLE.ARED OF ACACIA - Mathis Ploughed 
Mean increase in 
height after 63 
weeks growth 
2 oz. 
20:11 
345.7 
2 oz. 
urea 
316.5 
4 oz. 
super-
phosphate 
378.5 
Control 
310.7 
There was no significant difference between any of 
the four treatments after 63 weeks . 
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The growth rate of this plot was considerably better 
than the field trial Site J (Fig. 1) under plantation 
conditions, which was only about half a mile away on the 
same block. Growth on the site of the foregoing wattle 
stand was considerably better than the surrounding 
plantation which had been fertilised wit h 2 oz. 20:11 + 
2 oz. 20:11 after J months. This growth, particularly 
that of the control, suggests that the wattle have 
contributed greatly to the soil fertility over the past 
20 or JO years . 
The fact that there is no significant response over 
control with either added nitrogen or phosphorus suggests 
that both these elements must be present in the soil in 
available amounts considerably greater than in the 
surrounding pasture lands, since the latter virtually 
always show a nitrogen and phosphorus deficie n cy. 
The treatment with added P shows a better response 
than the other treatments, though this is not significant 
at the 5% level. This could be due to an NP ~1teraction 
if the Acacias had increased the N level of the soil. 
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CHAPTER 10 
THE EFFECT OF FERTILISERS ON AN ASHBED 
Pryor (1963) suggests that the ashbed effect may be 
of some importance in plantation establishment, and also 
may lead to a better understanding of the nutrition of 
eucalypts and pines. 
The ashbed effect has been widely reported within 
Australia and many other countries. The mechanisms of 
this phenomenon are far from being understood. Pryor 
(1963) duplicated the effect by the addition of phosphorus 
and nitrogen in appropriate amounts for some soils using 
eucalypts as test plants. Evidence from trials carried 
out in Canberra (Pryor 1964 unpublished) gave indications 
that an 'ashbed plus' effect can be obtained by the 
addition of fertilisers to an ashbed. 
Humphreys and Lambert (1965) showed that there was an 
increase in the amount of available phosphorus (aluminium 
associated phosphorus) in an ashbed even after nine 
years, and this increase in available phosphorus can be 
produced by heating soil in a furnace to a temperature of 
0 350 C for four hour s . If this happened in all ashbeds 
with low available phosphorus initially, it would be 
reasonable to expect an NP interaction if extra nitrogen 
was added, except of course, if the amounts of available 
nitrogen had also been increased. Similarly if the 
nitrogen availabl e were increased by the ashbed, and then 
/ , 
if phosphorus were limiting an NP interaction could be 
expected with added phosphorus. 
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It was decided by means of a preliminary field trial 
to see if any gross effects of this nature could be found 
by adding nitrogen and phosphorus fertilisers to an 
ashbed. 
MATERIALS AND METHODS 
Several logs were heaped in a Mathis contour line and 
burned to produce an 
(Sa and Sb, Fig. 1). 
ashbed. This was done at two sites 
At Site Sa two lines of 12 plants 
were planted in the ashbed, and two contour lines above 
and below the ashbed were planted, each line containing 12 
plants at 6 1 spacings. The ashbed at Site Sb was planted 
in the same way, but here it was possible only to plant 
one line in the ashbed. Four treatments were used, each 
extending across the ashbed at right angles, three blocks 
of four randomised treatments were used. 
were as follows:-
Control 
2 oz. 20:ll 
2 oz. superphosphate 
2 oz. ammonium phosphate 
The treatments 
The ashbeds were burned in April and planted in June and 
fertilised on July lst, 1965. The fertilisers were added 
in solid form around the base of the trees. Height 
measurements were taken at O, 6, 12, 20, 26, 39, and 52 
weeks after fertilising. 
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RESULTS AND DISCUSSION 
There was no statistical analysis carried out on these 
data as it was considered unnecessary because there 
obviously not likely to be any differences between the 
treatments on the ashbeds (Fig. 15)e 
From Fig. 15 it can be seen that there was a very 
marked ashbed effect on both ashbeds, i.e. there was a 
very much greater growth response shown by trees growing 
in the ashbed than by tho se growing on adjacent soil 
without the addition of fertilisers. 
The response to added fertilisers by plants off the 
ashbed were poor, and - in the light of present results the 
choice of 2 oz. ammonium phosphate as the NP source was not 
a very good one, and probably other fertilisers would have 
given a better growth response. It is unlikely that any 
NP treatment on Mathis ploughed preparation would have 
given a response approaching that obtained on the ashbeds. 
There was no apparent response by plants on the 
ashbed to added fertiliser, as N, P, or NP. It would thus 
appear that from the growth rates obtained there was 
sufficient N and P made available to the plants by the 
ashbed to produce a response greater than that produced by 
the addition of 2 oz. ammonium phosphate to plants off the 
ashbed . 
•• 
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GENERAL DISCUSSION 
-------------
Pryor and Clarke (1964) showed a response to added 
fertiliser by E. grandis in the first year's growth. They 
found no response to added phosphorus, a very marked response 
to added nitrogen, and a very good response when both 
nitrogen and phosphorus were added together. It was 
subsequently learned that the area on which this trial 
was carTied out had been fertilised with superphosphate 
a few years prior to the trial. The nitrogen response 
may have been in fact, mainly an NP response. 
The results from a summer planted trial repeat the 
lack of response to added phosphorus and the very good 
response to nitrogen and phosphorus added together, but 
the response to nitrogen alone was negligible. There was 
a very strong suggestion of an NP interaction in this 
trial even though it was not designed to show one. This 
is suggested by the response above control of the 1 oz. 
superphosphate 2 oz. urea, and the 4 oz. 20:11 treatments 
being 2~-3 times greater than the combined responses above 
control of the 6 oz. superphosphate and the 2 oz. urea 
treatments after 12 months. The two NP treatments did not 
contain as much P or in one case as much N as the single 
treatments. 
In the case of the 20:11 trial where a range of 
applications of this fertiliser was used from 2 oz. to 
8 oz. per tree, it appears that the 2 oz. 20:11 + 2 oz. 
20:11 after 3 months treatment is nearing the economic 
level (Baker 1934), that is when twice the amount of 
fertiliser is added, there is only a very small increase 
in growth as shown in Figs. 9 and 10 . 
•• 
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The results from four separate trials, the two winter 
planted trials, the trial testing different types of 
cultivation, and the results from the portion of the trial 
on foregoing grassland sites (Chapter VII), showed that 
the 2 oz. 20:11 plus 2 oze Urea after J months treatment 
performed better than other treatments. This response was 
not sign"ficantly greater than the 2 oz. 20:11 + 2 oz. 
20:11 after J months treatment but the response was always 
slightly better after 12 months. This suggests a trend 
even though it is not signif'cant at the 5 per cent level. 
In support of the added benefit gained by the 
addition of nitrogen to an NP application, Dick, Jackson 
and Kirk (1965) and J~ckson (1966 personal communication) 
studying s·milar type fertiliser trials with E . Krandis in 
Transvaal, found that all treatments with the highest 
levels of nitrogen, in the presence of phosphorus, showed 
the best growth rates after 14 months. From Fig. J it can 
be seen that 2 oz. superphosphate plus J oz. urea gave a 
very good response, also when J oz. urea were added to the 
4 oz. superphosphate treatment after J months, in the 
summer planted trial, the growth rate achieved was very 
high. Pryor and Clarke (1964) showed also that their best 
treatments were with an initial application of NP (in this 
case NPK), with subsequent applications of N. 
In all these cases mentioned, the effect has not been 
significantly better than the other NP treatments but a 
trend uch as this can scarcely be accidental when it 
occurs in a wide number of different circumstances. 
A po sible e planation for this could be that the 
tree requires a certain amount of phosphorus and nitrogen 
•• 
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to begin vigorous growth and thereafter, in the first year 
in this case, the main nutrient requirement for rapid 
growth is nitrogeno 
Many crops require large amounts of nitrogen for 
growth (Kramer and Kozlowski 1960), reaching as much as 
200 lbs/acre/year for alfalfa. It has been estimated 
however that forest trees in the Northern Hemisphere 
require very much less than this amount. Baker (1950) 
suggests that forest trees in general take up 38-45 lbs 
N/acre/year. 
In the present case the amount of N being added to 
the soil in plantations with spacings of 10' x 9' (484 
trees/acre) would be : -
2 oz. 20:11 
2 oz. urea 
approx. 
II 
6 lbs/acre 
28 lbs/acre 
If all the nitrogen added were taken up by the trees 
in the first year of growth, particularly for the heavier 
N applications, the amount required may be somewhere near 
that required by other forest species. From observ~tion 
of field trials there is very little leaf fall from the 
trees up till 9 months of age, and most of the litter 
produced is still on the ground at the end of this first 
year's growth. It would be reasonable to assume that very 
little nitrogen would be returned to the plant from the 
litter via the soil in the first year. Therefore nearly 
all the nitrogen required by the plant in the first 12 
. 
months must come from the initial amount present in the 
soil or from added fertilisers. 
A response to added nitrogen or phosphorus, or both 
by various species of Eucalyptus in pot culture, has been 
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shown by Florence (1961), Loneragan and Loneragan (1964), 
McColl (1965) and McIntyre (1964). 
In a pot trial using a typical grassland soil from 
Site 1 (Fig . 1) using seedlings from 0-4 months old, there 
was very little response to nitrogen or phosphorus when 
added alone but there was a very marked Np interaction 
when both elements were added together. It appears that 
the response of seedlings up to 4 months old is similar to 
young trees up to 12 months old, in that when they are 
grown in this soil they require both added nitrogen and 
phosphorus to reach optimum growth rates. 
In this trial the attempt to equate the response of 
different sources of nitrogen, namely ammonium nitrate 
which was used for he major part of the trial, with the 
field fertilisers, ammonium sulphate and urea, was not 
successful. There was much variation within replications 
of the ammonium sulphate and urea treatments suggesting 
that a more exacting trial must be carried out to separate 
out possible differences between these nitrogen sources. 
The preliminary deficiency trial showed that, at 
least for seedlings up to 5 months old, there was no 
evident nutrient deficiency in the soil other than those 
already apparent, that is, nitrogen and phosphorus. This 
of course does not mean that there may not be elements 
other than nitrogen and phosphorus limiting growth in 
older trees. From the growth response gained from plants 
in trials where the soil preparation has been good and 
both nitrogen and phosphorus have been added it would 
appear ha there could be very little else limiting 
grow h. 
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The growth response obtained on the ashbeds was very 
similar to tha of the best fertiliser treatment in the 
winter planted rotary-hoed trial which was run 
concurrentlyo I appears that these similar growth 
esponses on similar soils ~ one fertilised by commercial 
ferti iser, and the other by the ashbed effect, be it what 
it may, reached the same level in 12 monthso There was no 
evidence from these small trials to suggest that the 
ashbed effect could be improved by the addition of 
fertiliserso 
t does seem possible that a peak or near peak of 
growth has been reached for this species under the 
environmental conditions prevailing during this growing 
periodo This is supported by the fact that growth in the 
1966-67 trials wa s better than in the 1965-66 trials on 
sites whi c h in some cases were adjacent~ 1965-66 was a 
very dry period and moisture may have been playing an 
important part in limiting growth 1966-67 on the other 
hand wa s considerably wetter and this may have 
contributed to better all-round growth rates during this 
periodo There may in fact be a fertiliser/climate 
interaction contributing to he differences in response 
between these t wo pe iods for similar fer iliser 
treatmentso 
There was very little difference in the height of 
trees after 12 months growth which were planted and 
erti ised in late summer or winter (Figs J and 5)e There 
seemed to be no advantage gained by planting in late 
summer 9 a least or the particular case during 1965-66. 
There may be quite di feren results if this type of 
experiment were to be repeated in other years. 
h 
SJ 
Growth rates in this study consequent on the addition 
of fertilisers are comparable with those achieved for the 
species in overseas countries, e.g. Argentina (Mendonza 7 
personal communication 1967) and Transvaal (Dick, Jackson 
and Kirk 1965 and Jackson, personal communication 1966). 
Lea eating insects may pay some part in the 
reduction of grow h rates for a time each summer (Fig. 4), 
but when this difference is compared with the difference 
between NP fertiliser treatments and control, it can be 
seen readily that thee feet of leaf eating insects 7 at 
least during the first year's growth is of minor 
importance compared with soil fertilityo 
From the evidence of these trials, the deficiency of 
both nitrogen and phospho us in these soils is the major 
fac or limiting growth in plantations of E.grandis in the 
firs yearo 
The ield ertiliser trials have been carried out 
wi h two types of soil preparation, rotary hoeing which 
breaks up the soil e ensively to a depth of about 8 11 and 
also retains the top soil together with chopped up plant 
materia such as grass and weeds which are mixed through 
the op 8 11 , and Mathis ploughing whi ch gives a clean area 
from which the surface few inches of op soil have been 
removed and whi ch quite often leaves a hard smooth surface. 
Presumably young roots penetrate rotary hoed soil more 
eas·ly than Mathis ploughed soil. 
There is a much better growth response on soil 
prepared by rotary hoeing than on soil prepared by Mathis 
plough for similar fertiliser treatments (Fige 7). The 
relative response to ertilisers is the same in both 
l 
l 
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trials i.e. 2 oz. 20:ll + 2 oz. urea after 3 months is 
better than 4 oz. 20:11, is better than 2 oz. 20:11 + 2 oz. 
20:ll after J months ... etc., but the magnitude differs 
greatly . This difference is probably due to a cultivation/ 
fertiliser interaction. 
While the fertiliser trials were not designed to show 
this type of interaction, there was however such a response 
in the trial testing different cultivation methods. This 
effect may well be the cause of much of the difference 
between the growth responses on Mathis plough and rotary 
hoed treatments. Because of the nature of the cultivation 
trial this aspect obviously requires much more investigation 
before a full answer can be obtained. 
When comparing the rotary hoe with Mathis plough 
preparation from Fig. 7 there is very little difference 
between the two controls which could be explained in two 
ways. If the soils were the same with regard to fertility 
this would suggest there has been no response to cultivation 
and hence the difference in response between similar fertiliser 
treatments would probably be due to a cultivation/fertiliser 
interaction. If on the other hand the soil in the rotary 
hoed trial was poorer than that of the Mathis ploughed trial, 
and cultivation effect may have been obscured by background 
soil fertility difference. In this case the dif ference in 
response to similar fertiliser treatments may be due either 
to cultivation or cultivation/fertiliser interaction. From 
Fig. l4 where rotary hoeing and Mathis ploughing were don 2 
at the one site, without added fertiliser, the response on 
rotary hoeing was better than on Ma this ploughing. It 
therefore seems likely there was a soil difference between 
the trials on separate sites (Fig . 7) . 
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From the preliminary cultivation trial it can be 
seen that the response on the Mathis ploughed site was 
not as great as that obtained on the treatments where 
the soil had been further broken up. 
The growth of weeds may be an important factor 
inhibiting the growth of seedlings in the field 
particularly if the young seedlings have to compete 
with fast growing weeds for added fertiliser. In the 
cultivation trial, on soil prepared by rotary hoeing, 
there was a good growth response up to J months, but 
then growth rates fell off sharply at the same time as 
prolific weed growth developed. On the other hand 
preparation by Mathis ~lough plus ripping did not lead 
to any appreciable weed growth, even after 6 months, and 
growth rates did not suffer a similar decline. Hence any 
advantage gained by rotary hoeing was quickly lost. 
It appears from this preliminary investigation 
that although rotary hoeing provided an excellent 
preparation for fast growth of young seedlings, the 
advantages of this type of cultivation can be quickly 
lost if weeds are not controlled. Although Mathis 
ploughing plus further ripping does not give a growth 
response of the same order as rotary hoeing with weeds 
controlled, it provides a much better preparation than 
Mathis alone and is flexible for use in the field because 
of the relatively long period of time the plants are 
free from weed competition. 
The results of trials conducted on sites carrying 
initially old pasture (grassland), eucalypt regrowth, and 
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Sally wat e (Acacia melanoxylon) have shown marked 
differences, both wi hand without the addition of 
ertilisero 
There was no significant response to Nor P or NP 
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ertilisers on the area occupied by Acacia melanoxylon and 
it appears that either the original soil fertility was 
maintained by this type of vegetation cover or the 
fertility of the soil was enhanced by the growth of this 
tree on it over a period of 20 to JO years. It is 
reasonable to assume that there would have been some 
build-up of the nitrogen status of the soil as Acacia 
melano ylon has root nodules. 
There seems to have been very little effective change 
in ava·lability of nitrogen and phosphorus in the soil 
whi ch has been under eucalypt regrowth. There was no 
significant differen e in response between the NP 
treatments on the eucalypt regrowth or grassland soilso 
There was no response to Non the soil on the regrowth 
site but a slight and significant response occurred on the 
grassland soilo There was a slight response to the 4 oz. 
superphosphate treatment on both soils but this was only 
just signi icant and was still consistent with the results 
o earlier trialso The control on the regrowth site was 
slightly better than that on the grassland. 
n the pot trial results were very differento The 
control on the grassland soil was significantly better 
than hat on the regrowth soil. There was no response to 
added on either soil and there was a very marked 
response to added P. Thus a tempts to correlate the 
responses in the field and in a pot trial were not 
successfulo Thi may have been for two reasons, there may 
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be of course quite a di ference between the relative 
requirements of nitrogen and phosphorus between seedlings 
and young trees up to 9 months old, or there may be a 
difference in the soils in which the two sets of plants 
we re growing0 In the pot trials plants were grown in soil 
collected from the top 4 11 , and in the field trial the 
plants were planted in lines prepared by a Mathis plough, 
which throws away the upper couple of inches of topsoil . 
A closer parallel with the field soil probably would have 
been soil taken from J"-9" in the profile. It is very 
likely, as shown by the soil analysis, that a lot of the 
available N and Pis in fact in the top few inches of the 
soil . 
It is clear however, that these areas of different 
vegetation cover types do give different growth responses 
and the effect of added fertiliser is not the same for the 
three types studiedo 
It appears that all soils in the area with the 
possible e ception o hose previously occupied by Acacia 
melanoxylon show a deficiency in both nitrogen and 
phosphorus to E ~grandis o 
In the case of grassland the picture seems to be 
airly clear. E.grandis on these areas requires the 
addition of both nitrogen and phosphorus for fast early 
growth, and a subsequent application of nitrogen is 
required to maintain fast growth rates , at least for the 
first year ' s growth. 
The effect o di ferent types of cultivation cannot 
be overlooked and this aspect requires more investigation 
to establish the best type of site preparationo Rotary 
•• 
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hoeing gives a very good preparation if the weeds can be 
controlled and weed control on it may prove worthwhilee 
Mathis ploughing on the other hand does not have the weed 
problem but has other obvious limitations as reflected by 
the poorer growth rates e The further ripping on the 
Mathis prepared soil appears to have been the most 
successful to date, but other methods such as Mathis 
followed by rotary hoeing should be tried to attempt to 
combine the best features of the two types of soil 
preparatione 
Because of the suggested cultivation/fertiliser 
interaction it appears that if cultivation methods can be 
improved, even better growth responses to the same amounts 
of added fertiliser may be achieveda These may be even 
better than those achieved to date on rotary hoed soil with 
some extent of weed controle 
Further investigation into the ashbed effect would 
probably be fruitful0 It appears that without the 
addition of any nitrogen of phosphorus, the growth 
response is equal to the best achieved by good cultivation 
plus the best known fertiliser5 Apparently the ashbed in 
some way greatly enhances the availability of both 
nitrogen and phosphorus to Eegrandi s a 
Wi th the advent of large areas of land being cleared 
of eucalypt regrowth for plantations, further 
investigation is needed to determine the nutrient 
requirements of trees planted on these sitese It seems 
that there may be some increase in the amount of 
available nitrogen in comparison with grassland, and it is 
of importance to know whether this will have an effect on 
h 
l 
the type of fertiliser needed to obtain optimum growtho 
tis possible that the type of fertiliser required for 
such sites may di fer rom that used at present on 
g assland. 
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I is doubtful whether the nutrient requirements for 
opt·mal growing conditions either in pots or in the field 
are known for any species of eucalyptuso There is a need 
for very much more research in this field to try to 
establish a better understanding of the nutrient 
re quirements of the genus as a whole 9 particularly in the 
aspect o the movements of nutrients within he plant and 
the nutrient cycles within the plant - soil systems. This 
is of particular importance when fertilisers are being 
added to a tree crop, to know how much fertiliser is 
needed 9 and whee and when it is required. 
Eucalypts occupy a very wide range of habitats within 
Australiac They orm in some c ases c omple mosaics of 
associations and appear to be very sensitive indicators of 
edaphic and other environmental changeso Beadle (1954 and 
1962) postulates that the distribution of communitieis in 
Eastern Australia, mos of which are dominated by 
eucalypts, is controlled by the levels of soil phosphoruso 
At the species level many workers have shown that the 
distribution o species and associations can be related to 
various changes in the environmento Moore (1959 and 1959) 
suggests that edaphic · factors including exchangeable 
calc·um may be affecting the distribution of Eorossii 
Baker and Smith dry sclerophyll orest, and Eomelliodora 
A Cunn. or Eopauci lora Sieb. e Spreng. woodland. 
Florence (1961), ound that the leachate from the litter 
of E.pilularis inhibited the growth of Eopilularis 
seedlingso Pook and Moore (1966) showed that aspect 
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played a part in the distribution o eucalypt communities 
in the Black Mountain area near Canberra. 
It has been shown that some species will perform 
bet er in the seedling stage on soils other than those on 
which they occur naturally, and will also show a better 
growth response when nutients are added to their own soil. 
Beadle (1962) found Eogurnmifera (Gaertn.) Roehr., which 
occurred naturally on Hawkesbury Sandstone in the Sydney 
district, grew better on the more ertile soil on adjacent 
shales. McIntyre (1964) showed that the growth of 
E.trachyphloia F.Muello seedlings were greatly enhanced 
when nutrients were added to their natural soilo Similar 
findings have been made by Florence (1961) with 
Eopilularis, McColl (1965) with E.gummifera and E.maculata 
Hook. and Attiw i ll (1965) wi th E.obligua. 
t thus appears that the seedlings of many species of 
Euca yptus may be performing below their maximum growth 
potential in their natural habitats partly because of 
nutrient deficiencies in these soils. 
Competition at the seedling stage may limit the 
survival of a species in a particular habitat, and hence 
determine he composition of associations and the 
distribution of the species. Environmental factors such 
as t mperature, so·1 moisture, nutrient levels and aspect 
may a feet seed germination and relative early growth 
rates of seedlings dif erentially. The combination of 
thes actors together with competitive pressures from 
seedings o di ferent spec sand mature trees probably 
h 
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combine to give the overall pattern of eucalypt 
distribution in natu al communities. There are apparent 
range of tolerance for a species which, at least in the 
natural state 9 appear to limit effectively the 
distribution of speciese 
When a species is grown under plantation conditions 
very many of these environmental and competitive pressures 
may well be removed~ This is probably very much the case 
with young seedlings planted at regular spacings on land 
which has been cleared of all trees, cultivated to ensure 
establishment and early seedling growth free from weeds, 
and with the nutrient status of the soils improved by the 
addition of fertilisers e 
Seedlings planted in these conditions have germination 
problems overcome for them, competition from other 
seedlings is missing, other species particularly large 
trees have been removed, and nu rient deficiencies may 
have been largely corrected. However other environmental 
factor 9 particularly soil moisture and temperature, will 
still be importan in limiting survival and growth under 
plantation conditionso 
It is possible that many species of Eucalyptus are 
growing in sub-optimal conditions in their natural habitat 
and may g ow quite successfully outside their region of 
natural distribution if the necessary steps are taken to 
remove possible limiting factors at the seedling stageo 
nvestigation into this aspect may disclose the means 
for growing some species profitably in areas hitherto 
hough to b unsu able to themo The good performance of 
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many speci son numerous sites outside Australia supports 
this idea o 
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SOURCE 
Blocks 
Ca 
K 
Mg 
s 
Fe 
Zn 
Mo 
CuMnB 
C I 
All mean 
effects 
Residue 
LEAVES 
DF 
M.S. Variance Ratio 
15 1.0686 2 .261 
1 1.10240 2 .}32 
1 0.06003 0.127 
1 2 .77222 5 .865 
1 0.11391 0.241 
1 0.04410 0.093 
1 0 .11731 0.248 
1 0.01156 0.024 
1 1.08681 2.299 
8 0.53854 1.139 
40 0,47267 
APPENDIX I 
Analysis of data from the deficiency trial (Chapter 4) 
STEMS. 
M.S. Variance Ratio 
0.60272 3,067 
0.01594 0.081 
0.02288 0.116 
0.06439 0 , 328 
0.07381 0.376 
0.00701 0.036 
0.02288 0.116 
0.00069 0.004 
0.06695 0,341 
0.15932 0.811 
0.19649 
SHOOTS 
M.S. Variance Ratio 
3.16436 2 .965 
0.00722 0.007 
0.28622 0.268 
3.26706 3.061 
2 .28010 2.137 
0.00016 0.001 
0.36603 0.343 
0.09456 0.089 
2.84766 2.668 
1.14363 1.072 
1. 06715 
M.S. 
0.6639 
o.4556 
0.0052 
0.0342 
0.0039 
0.9072 
0.0451 
o.4160 
0.0976 
2.4564 
o.4691 
~--
R OOTS WHOLE PLANT 
Variance M.S. Variance Ratio Ratio 
3 1.415 16.81877 3.150 
2 0.971 1.4504 0 . 272 
6 0.011 1.00751 0.189 
2 0.073 12.54045 2.349 
1 0.008 8.68039 1.626 
6 1.934 1.13689 0 . 213 
6 0.963 1. 71938 0 . 322 
2 0.887 0.75908 0.142 
6 0.208 10.89825 2.041 
5 , 236 4,77462 0.894 
8 5.33975 
r-' 
0 
r-' 
I 
APPENDIX II 
STATISTICAL ANALYSES OF FIELD 
TRIAL FROM CHAPTER 7 
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Two analyses were carried out on the results from the 
ie d trial because of the missing datao One analysis was 
on the eigh treatmen s 2 soils 2 blocks, the second 
analysis was on 5 treatments 2 soils J blocks . 
Both analyses showed the same results ioe . a 
signi icant fertiliser response and a signi icant 
fertiliser/soil interac iono 
Both analyses were carried out on the log transformed 
means. 
A= Absolute mean increase in height. 
T = Log trans armed mean (T = log10 A)& 
103 
<l) <l) .µ 
.µ .µ + (1j .µ 
(1j (1j + (1j 
..c:: ..c:: .-I .-I p. p. 
.-I .-I .-I (1j 
<I) <I) .... .-I <l) 
0 0 0 0 <fJ •• >< <fJ 
..c:: ..c:: C\j C\j ..c:: 0:::, ..c:: .-I 
0. 0. .µ C\j .µ 0 
• >< • >< . .:: . .:: • .-I >< <I) 
N <ll N <ll N r' N (1j >< N 0 N N 0 N .-I .µ ~ 0 0. 0 0. 0 
"' 
0 <l) 0 0 6 O O 6 0 •• .:: 
;:l ;:l >< >< 0 0 <l) 
C\j CfJ ..::t CfJ .-I:::, C\j:::, C\j C\j C'"\ C\j C\j C'"\ ..::t C\j 0 ::.: 
A 37 . 000 48 . 350 94.600 88.350 120.200 139.700 125.400 34 . 950 66 .069 
Grassland 
T 1.568 1.680 1. 971 1. 946 2 . 072 2 .14 4 2 . 094 1.542 1.877 
A 54 . 650 68 . 600 49.950 49 .100 110.000 106 .800 115 . 600 56 . 500 76 .400 
Eucalypt 
Regrowth 
T 1. 733 1.836 1.698 1.691 2 .040 2 . 029 2 . 063 1.750 1.855 
Reference Error Variance 
Source DF ss MS MS DF Ratio 
" Blocks l 0.00175 0.00175 
Soils l 0.00388 0.00388 0.01245 l 0.31 
Fertiliser 7 0.95034 0 .13662 0.00321 14 42.55 
Soil/Fert . 7 0.24605 0.03515 0.00321 14 10.95 
L . S . D. Between 0 . 05 0.01 
Levels o.f soi l within fertilisers 0 . 159 0.239 
Levels of fertilisers within soi ls 0.122 0.169 
Any other pairing 0.159 0.239 
104 l 
I 
Q) .µ 
.µ + ro 
ro 
.c: rl rl 
0. rl rl 
If) .... 
0 0 0 IJl 
.c: C\I C\l ,.C: rl 
0. .µ 0 
• >< • i:: • rl >< If) N Ql N ro N 0 N rl .µ i:: 
0 0. 0 Q) o o E 0 •• .: ro ~ >< 0 0 Q) 
..:t (/) C\I p C\I C\I C'"\ ..:t C\I u ::.: 
A 43.867 90 .100 123.333 133.533 33. 933 84.953 
Grassland 
T 1.634 1.955 2.085 2.121 1.529 1.865 
A 7.867 55.633 122.667 117.233 55 .400 84.560 
Forest 
T 1. 856 1. 739 2.083 2 .069 1. 742 1.898 
Reference Error Variance 
Source DF ss MS MS DF Ratio 
Blocks 2 " 0.01274 0.00637 
Soil 1 0.00820 0.00820 0.01331 2 0.62 
Fertiliser 4 1.00134 0 . 25033 0.00300 16 83.51 
Soil/Fert. 4 0.20687 0.05172 0.00300 16 17 . 25 
L.S.D. Between 0.05 0.01 
Levels of soils within fertilisers 0.139 0. 208 
Levels of fertiliser within soils 0.095 0.131 
Any other pairing 0.139 0.208 
•• 
